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(54) Position detection apparatus having a plurality of detection sections, and exposure 
apparatus 

(57) A surface position detection apparatus of this 
invention includes a position detection section having a 
plurality of electrodes opposing the object surface to be 
measured, and a measurement device for selecting at 
least one electrode of the plurality of electrodes in ac- 
cordance with the shape of the object surface, supplying 
an AC current to the selected electrode, and measuring 
the current flowing to the electrode, thereby measuring 
the distance between the electrode and object surface. 
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Description 

BACKGROUND OF THE INVENTION 
FIELD OF THE INVENTION 

[0001] The present invention relates to a position de- 
tection apparatus for detecting the surface position of 
an object, an exposure apparatus having the position 
detection apparatus, a control method therefor, and a 
device manufacturing method. 

[0002] The position detection apparatus of the 
present invention can be applied to, e.g., a surface po- 
sition measuring apparatus for measuring a small dis- 
tance by an electrostatic scheme. The exposure appa- 
ratus of the present invention can be applied to, e.g., a 
slit-scan exposure apparatus. 

DESCRIPTION OF THE RELATED ART 

[0003] As surface position detection apparatus for 
semiconductor exposure apparatuses., position detec- 
tion apparatus which obliquely irradiate a semiconduc- 
tor wafer, placed at a position where a mask pattern is 
to be transferred through a projecting lens, with light 
from a projector, and detect light obliquely reflected by 
the surface of the semiconductor wafer to detect the sur- 
face position are widely used. Fig. g is a schematic view 
of such a conventional surface position detection appa- 
ratus. x 

[0004] As shown in Fig. 9, illumination light emitted 
from the output end of an optical fiber 9 illuminates a 
pattern forming plate 11 through a condenser lens 10. 
The illumination light passing through the pattern form- 
ing plate 11 is projected onto the exposure surface of a 
wafer 5 through a lens 1 2, mirror 1 3, and projection ob- 
jective lens 1 4 ; so the image of the pattern on the pattern 
forming plate 11 is formed on the exposure surface of 
the wafer 5 from an oblique direction with respect to an 
optical axis EX. The illumination light reflected by the 
wafer 5 is reprojected onto the light-receiving surface of 
a light-receiving device 18 through a condenser objec- 
tive lens 15, mirror 16, and imaging lens 17. The image 
of the pattern on the pattern forming plate 11 is formed 
on the light-receiving surface of the light-receiving de- 
vice 18. When the wafer 5 moves in the vertical direc- 
tion, the image of the pattern moves to the left or right 
on the light-receiving surface 1 8. When an arithmetic cir- 
cuit 1 9 calculates the position of the pattern, the surface 
position of the wafer 5 can be detected. 
[0005] In the exposure apparatus, such a focus de- 
tection system has a plurality of measurement points in 
one shot (area to be exposed) of a wafer. A surface po- 
sition 2 and tilt component (tilt) of the measurement shot 
are calculated by comparing the measurement results 
at the plurality ol measurement points within the X-Y 
plane. Highly accurate focus position control is achieved 
by controlling a Z-tilt stage 8. 



[0006] In recent years, a slit-scan exposure apparatus 
which exposes while holding a reticle and wafer conju- 
gate with a projecting lens and scanning both the reticle 
and wafer to increase the exposure area has received 
5 a great deal of attention. In this exposure apparatus, a 
focus detection signal is directly used as a closed loop 
signal for controlling the posture of the stage. As the sig- 
nal, a signal as smooth as possible, i.e., a signal aver- 
aged for an exposure area is necessary. 
10 [0007] However, since the slit light projection scheme 
cannot measure position while uniformly illuminating a 
measurement surface of interest, the measurement ar- 
eas always become discrete. In addition, experiments 
conducted by the present inventors have revealed that 
is when a thin slit-like light beam irradiates the edge por- 
tion of a step, the reflected light is scattered to generate 
a large focus detection error. 

[0008] This problem can be solved by using an elec- 
trostatic sensor as a focus detection sensor. An electro- 
static sensor is more advantageous as a focus detection 
sensor of a slit-scan exposure apparatus than an optical 
sensor because it can almost uniformly average within 
the detection area, does not generate any focus detec- 
tion error at an edge portion, and has high response 
speed. 

[0009] Fig. 10 is a view showing the principle of dis- 
tance measurement by an electrostatic sensor. Refer- 
ring to Fig. 1 0, a flat electrode 30 used for measurement 
is arranged near an object 31 to be measured. A high- 
frequency voltage is applied from an oscillator OS to the 
flat electrode 30. An ammeter AM is connected between 
the flat electrode 30 and oscillator OS. The ammeter AM 
and a measurement device 32 connected to the amme- 
ter AM measure the magnitude of an AC current flowing 
to the flat electrode 30. The current measurement result 
is input to an arithmetic circuit 33. A distance d between 
the flat electrode 30 and the object 31 to be measured 
is measured by arithmetic processing by the arithmetic 
circuit 33. 

[0010] Although the above-described surface position 
detection apparatus can obtain high accuracy in detect- 
ing the surface position of a substrate having a chip lay- 
out (pattern of a chip) compatible with the apparatus, no 
high accuracy can be obtained in detecting the surface 
position of a substrate having a chip layout incompatible 
with the apparatus. 

[0011] In addition, when the shape of the wafer sur- 
face changes to a shape incompatible with to the appa- 
ratus because of the repeated lithography process, the 
above-described surface position detection apparatus 
cannot accurately detect the surface position of the sub- 
strate. 

SUMMARY OF THE INVENTION 

[0012] The present invention has been made in con- 
sideration of the above situation, and has as its object 
to accurately detect the surface position of an object to 
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be measured independently of the surface state of the 
object. 

[001 3] According to the first aspect of the present in- 
vention, there is provided a position detection apparatus 
for detecting a position of an object surface in a direction 5 
normal thereto, comprising at least two detection sec- 
tions, a selection section for selecting at least one de- 
tection section from the at least two detection sections, 
and a measurement device for measuring the position 
of the object surface in the direction normal thereto us- 10 
ing the detection section selected by the selection sec- 
tion. 

[0014] In the position detection apparatus according 
to the first aspect, preferably, for example, each of the 
at least two detection sections has an electrode, and the *5 
measurement device applies an electrical signal con- 
taining an AC component to the electrode of the select- 
ed detection section to measure a distance between the 
electrode and the object surface. 
[0015] In the posilion detection apparatus according 
to the first aspect, for example, the electrodes of the at 
least two detection sections preferably oppose different 
portions of the object surface. 

[0016] In the position detection apparatus according 
to the first aspect, for example, the electrodes of the at 
least two detection sections are preferably in one plane. 
[0017] In the position detection apparatus according 
to the first aspect, for example, the electrodes of the at 
least two detection sections are preferably concentric 
with each other. 

[0018] In the position detection apparatus according 
to the first aspect, for example, the selection section 
preferably alternatively selects one detection section 
from the at least two detection sections. 
[0019] In the position detection apparatus according 
to the first aspect, for example, the selection section 
preferably selects at least one detection section such 
that the number of detection sections to be selected 
changes. 

[0020] In the position detection apparatus according 
to the first aspect, for example, the selection section 
preferably selects at least one detection section in ac- 
cordance with a shape of the object surface. 
[0021] In the position detection apparatus according 
to the f i rst aspect, for example, preferably the apparatus 
comprises at least two sets of the at least two detection 
sections, the selection sections, and the measurement 
devices, and further comprises an arithmetic section for 
calculating a tilt of the object surface on the basis of a 
measurement result by the at least two measurement 
devices. 

[0022] According to the second aspect of the present 
invention, there is provided an exposure apparatus hav- 
ing a projecting lens for projecting a pattern onto a sub- 
strate, a stage which moves while supporting the sub- 
strate, a position detection section for detecting a posi- 
tion of a substrate surface in a direction of an optical 
axis, and a control section for controlling the stage on 
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the basis of an output from the position detection sec- 
tion, the position detection section comprising at least 
two detection sections, a selection section for selecting 
at least one detection section from the at least two de- 
tection sections, and a measurement device for meas- 
uring a position of the substrate in a direction normal 
thereto using the detection section selected by the se- 
lection section. 

[0023] In the exposure apparatus according to the 
second aspect, preferably, for example, each of the at 
least two detection sections has an electrode, and the 
measurement device applies an electrical signal con- 
taining an AC component to the electrode of the select- 
ed detection section to measure a distance between the 
electrode and the substrate surface. 
[0024] In the exposure apparatus according to the 
second aspect, for example, the electrodes of the at 
least two detection sections preferably oppose different 
portions of the substrate surface. 
[0025] In the exposure apparatus according to the 
second aspect, for example, the electrodes of the at 
least two detection sections are preferably in one plane. 
[0026] In the exposure apparatus according to the 
second aspect, for example, the selection section alter- 
natively selects one detection section from the at least 
two detection sections. 

[0027] In the exposure apparatus according to the 
second aspect, for example, the selection section pref- 
erably alternatively selects one detection section from 
the at least two detection sections. 
[0028] In the exposure apparatus according to the 
second aspect, for example, the selection section pref- 
erably selects at least one detection section such that 
the number of detection sections to be selected chang- 
es. 

[0029] In the exposure apparatus according to the 
second aspect, for example, the selection section pref- 
erably selects at least one detection section in accord- 
ance with a shape of the substrate surface. 
[0030] In the exposure apparatus according to the 
second aspect, for example, the selection section pref- 
erably selects at least one detection section in accord- 
ance with a position of the stage or the substrate. 
[0031] In the exposure apparatus according to the 
second aspect, for example, the selection section pref- 
erably selects the detection section to be used for meas- 
urement not to measure the position of the substrate in 
the direction normal thereto on a scribing line of the sub- 
strate. 

[0032] In the exposure apparatus according to the 
second aspect, for example, the selection section pref- 
erably determines the number of detection sections for 
measurement in accordance with the pattern formed on 
the substrate. 

[0033] In the exposure apparatus according to the 
second aspect, for example, the selection section pref- 
erably determines detection sections to be used for 
measurement to reflect, on the measurement result, a 



EP 0 984 329 A2 



25 



30 



35 



40 



45 



50 



3 



3DOCID: <EP 0984329A2_!_> 



1% 



t 



5 

position of an exposure area on the substrate in the di- 
rection normal thereto where high resolving perform- 
ance is required. 

[0034] In the exposure apparatus according to the 
second aspect, for example, the selection section pref- 
erably determines the number of detection sections to 
be used for measurement to reflect, on the measure- 
ment result, a position of an exposure area on the sub- 
strate in the direction normal thereto where high resolv- 
ing performance is required. 

[0035] According to the third aspect of the present in- 
vention, there is provided an exposure apparatus having 
a projecting lens for projecting a pattern onto a sub- 
strate, a stage which moves while supporting the sub- 
strate, first and second position detection sections for 
detecting a position of a substrate surface in a direction 
of an optical axis, and a control section for controlling a 
tilt of the stage on the basis of outputs from the first and 
second position detection sections, each of the first and 
second position detection sections comprising at least 
two detection sections, a selection section for selecting 
at least one detection section from the at least two de- 
tection sections, and a measurement device for meas- 
uring a position of the substrate in a direction normal 
thereto using the detection section selected by the se- 
lection section. 

[0036] In the exposure apparatus according to the 
third aspect, preferably, for examp!e : each of the at least 
two detection sections has an electrode, and the meas- 
urement device applies an electrical signal containing 
an AC component to the electrode of the selected de- 
tection section to measure a distance between the elec- 
trode and the substrate surface. 

[0037] In the exposure apparatus according to the 
third aspect, for example, the electrodes of the at least 
two detection sections preferably oppose different por- 
tions of the substrate surface. 

[0038] In the exposure apparatus according to the 
third aspect, for example, the electrodes of the at least 
two detection sections are preferably in one plane. 
[0039] In the exposure apparatus according to the 
third aspect, for example, the electrodes of the at least 
two detection sections are preferably concentric with 
each other. 

[0040] In the exposure apparatus according to the 
third aspect, for example, each of the selection section 
of the first position detection section and the selection 
section of the second position detection section prefer- 
ably selects a detection section such that both the de- 
tection section of the first position detection section and 
the detection section of the second position detection 
section, which are to be used for measurement, are po- 
sitioned on an inner area of a width of the pattern pro- 
jected by the projecting lens and a distance between the 
detection sections is maximized. Preferably, the sub- 
strate is exposed while projecting slit-shaped light onto 
the substrate through the projecting lens and moving the 
stage. 
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[0041] In the exposure apparatus according to the 
third aspect, for example, each of the selection section 
of the first position detection section and the selection 
section of the second position detection section prefer- 

5 ably selects a detection section such that both the de- 
tection section of the first position detection section and 
the detection section of the second position detection 
section, which are to be used for measurement, are po- 
sitioned inside a width of the pattern projected by the 

to projecting lens on the substrate and a distance between 
the detection sections is maximized. Preferably, the 
substrate is exposed while projecting slit-shaped light 
onto the substrate through the projecting lens and mov- 
ing the stage. 

75 [0042] According to the fourth aspect of the present 
invention, there is provided a position detection method 
of detecting a position of an object surface in a direction 
normal thereto, comprising the selection step of select- 
ing at least one detection section from at least two de- 
tection sections, and the measurement step of measur- 
ing the position of the object surface in the direction nor- 
mal thereto using the selected detection section. 
[0043] According to the fifth aspect of the present in- 
vention, there is provided a method of controlling an ex- 
posure apparatus having a projecting lens for projecting 
a pattern onto a substrate, a stage which moves while 
supporting the substrate, a position detection section for 
detecting a position of a substrate surface in a direction 
of an optical axis, and a control section for controlling 
the stage on the basis of an output from the position 
detection section, comprising the selection step of se- 
lecting at least one detection section from at least two 
detection sections, and the measurement step of meas- 
uring a position of the substrate in a direction normal 
thereto using the selected detection section. 
[0044] According to the sixth aspect of the present in- 
vention, there is provided a method of controlling an ex- 
posure apparatus having a projecting lens for projecting 
a pattern onto a substrate, a stage which moves while 
supporting the substrate, first and second position de- 
tection sections for detecting a position of a substrate 
surface in a direction of an optical axis, and a control 
section for controlling a tilt of the stage, each of the first 
and second position detection sections comprising at 
least two detection sections, comprising the selection 
step of selecting at least one detection section from the 
at least two detection sections of the first position de- 
lection section and at least one detection sectbn from 
the at least two detection sections of the second position 
detection section, and the measurement step of meas- 
uring the tilt of the substrate using the selected detection 
section of the first position detection section and the se- 
lected detection section of the second position detection 
section. 

[0045] According to the seventh aspect of the present 
invention, there is provided a device manufacturing 
method comprising the steps of placing a substrate ap- 
plied with a resist film on a stage of an exposure appa- 
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ratus, selecting at least one detection section ot at least 
two detection sections for measuring a position of the 
substrate in a direction of an optical axis and measuring 
the position of the substrate on the stage in the direction 
of the optical axis using the selected detection section, 5 
controlling the stage in accordance with a measurement 
result in the measurement step, forming a pattern on the 
substrate on the stage by exposure, and developing the 
substrate. 

[0046] According to the eighth aspect of the present 
invention, there is provided a device manufacturing 
method comprising the steps of placing a substrate ap- 
plied with a resist film on a stage of an exposure appa- 
ratus, selecting at least one detection section from each 
of two position detection sections each having at least 
two detection sections for measuring a position of the 
substrate in a direction of an optical axis and measuring 
a tilt of the substrate on the stage using the selected 
detection sections, controlling the tilt of the stage in ac- 
cordance with a measurement result in the measure- 
ment step, forming a pattern on the substrate on the 
stage by exposure, and developing the substrate. 
[0047] According to the present invention, the height 
or tilt of an object surface can be accurately measured 
independently of the surface shape of the object. 
[0048] According to the ninth aspect of the present in- 
vention, there is provided a surface position detection 
apparatus which uses an electrostatic sensor having an 
electrode arranged on a surface to be measured, volt- 
age application means for applying a high-frequency 
voltage between the electrode and the surface to be 
measured, and detection means for detecting a distance 
between the surface to be measured and the electrode 
on the basis of a value of a current flowing when the 
high-frequency voltage is applied between the electrode 
and the surface to be measured, the electrostatic sensor 
having a plurality of electrodes as the electrode, and se- 
lection means for selecting the electrode to be used. 
[0049] According to the 1 0th aspect of the present in- 
vention, there is provided an exposure apparatus com- 
prising the surface position detection apparatus for de- 
tecting a position of a surface to be exposed, and means 
for controlling the selection means in correspondence 
with a state of the surface to be exposed, whose surface 
position is to be detected. 

[0050] According to the 11 th aspect of the present in- 
vention, there is provided a device manufacturing meth- 
od using the exposure apparatus, comprising the steps 
of detecting a surface position of a substrate to be ex- 
posed while appropriately selecting an electrode to be 
used in each electrostatic sensor by the surface position 
detection apparatus of the exposure apparatus, and ex- 
posing the substrate while controlling the position of the 
substrate to be exposed on the basis of a detection re- 
sult. 

[0051] According to this arrangement, even when the 
chip layout of print pattern of a wafer, i.e., the surface to 
be detected changes, an electrode to be used in each 
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electrostatic sensor is selected in correspondence with 
the change. Distance measurement for surface position 
detection is performed by making the electrode oppose 
a preferable measurement position or measurement ar- 
ea. Since the electrode is simply selected by the selec- 
tion means, the high-frequency voltage to be applied is 
common to the electrodes appropriately selected in 
each electrostatic sensor and therefore is constant for 
the electrodes. Hence, accurate surface position detec- 
tion is performed in correspondence with a change in 
the surface to be detected. 

[0052] According to a preferred aspect of the present 
invention, the electrostatic sensor comprises a variable 
distance measurement position electrostatic sensor 
having, as the selection means, switching means for 
switching the electrode to be used to change the meas- 
urement position or switching means for switching the 
number of electrodes to be used to change the meas- 
urement area. 

[0053] The exposure apparatus is of a slit-scan type 
and comprises a surface position detection apparatus 
with the variable distance measurement position elec- 
trostatic sensor to detect tilt by pre-measurement for fo- 
cus position control of the surface to be exposed, and 
means for controlling the switching means such that the 
measurement position by two electrodes of each of two 
different electrostatic sensors of the surface position de- 
tection apparatus is set on an outermost side within a 
scanning exposure width. Alternatively, the exposure 
apparatus comprises a surface position detection appa- 
ratus having the variable distance measurement posi- 
tion electrostatic sensor to detect a position in a direction 
of an exposure optical axis by pre-measurement for fo- 
cus position control of the surface to be exposed, and 
means for controlling the switching means such that the 
surface position is not detected at a scribing line posi- 
tion. 

[0054] The slit-scan exposure apparatus may com- 
prise a surface position detection apparatus having the 
variable distance measurement position electrostatic 
sensor to detect the position in the direction of the ex- 
posure optical axis for pre-measurement for focus posi- 
tion control of the surface to be exposed. In this case, 
the exposure apparatus comprises means tor control- 
ling the switching means such that large part of an ex- 
posure surface portion where high resolving perform- 
ance is required is included in the measurement area. 
[0055] The means for controlling the switching means 
can control on the basis of the exposure layout. Under 
the control, even when the exposure width becomes 
small, electrodes are selected such that the electrodes 
for calculating the tilt angle of the surface to be exposed 
are located within the width, thereby performing accu- 
rate focus position control. In addition, if a scribing line 
is located within the exposure slip, the electrode can be 
switched to cope with a plurality of chip patterns. In the 
surface position detection apparatus having the variable 
distance measurement position electrostatic sensor, the 
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detection area to be averaged can be changed by 
switching the electrode to cope with a plurality of differ- 
ent chip layouts. 

[0056] Further objects., features and advantages of 
the present invention will become apparent from the fol- s 
lowing detailed description of the embodiments of the 
present invention with reference to the accompanying 
drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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apparatus that uses electrostatic sensors; 
Fig. 16 is an explanatory view of the third problem 
of the conventional surface position detection ap- 
paratus that uses electrostatic sensors; 
Fig. 17 is an explanatory view of the fourth problem 
of the conventional surface position detection ap- 
paratus that uses electrostatic sensors; 
Fig. 18 is an explanatory view of the fourth problem 
of the conventional surface position detection ap- 
paratus that uses electrostatic sensors; 
Fig. 1 9 is an explanatory view of the criterion for se- 
lecting a sensor electrode of a tilt angle detection 
sensor formed from the sensor shown in Fig. 1 ; 
Fig. 20 is an explanatory view of a problem posed 
when a memory circuit is formed by exposure; 
Fig. 21 is a flow chart showing a device manufac- 
turing method using the exposure apparatus of the 
present invention; and 

Fig. 22 is a flow chart showing details of the wafer 
process shown in Fig. 21. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

(First Embodiment) 

[0058] Fig. 11 is a schematic view showing an expo- 
sure apparatus to which a surface position detection ap- 
paratus according to the first embodiment of the present 
invention can be applied. Referring to Fig 11, reference 
numeral 1 denotes a reticle; 2, a reticle scanning stage 
(the scanning direction is the X direction); 3, an illumi- 
nation system for exposing a wafer; 4, a reduction pro- 
jecting lens; 5, a wafer; 6, a wafer chuck; 7, an X-Y 
stage: 8, a Z-tilt stage; and 20 and 20\ electrostatic sen- 
sors constructing part of the surface position detection 
apparatus. The electrostatic sensors 20 and 20' cannot 
measure the surface position of the wafer 5 at the ex- 
posure position. Soto pre-measurethe surface position 
of the wafer 5, when the wafer stage is to be scanned 
to the right (positive direction of the X axis), the sensor 
20 is used, and when the wafer stage is to be scanned 
to the left (negative direction of the X axis), the sensor 
20' is used. A member 21 fixes the electrostatic sensors 
20 and 20' in position. To ground the electrostatic sen- 
sors through their housing, the member 21 is made of 
a metal material such as aluminum and grounded. Ref- 
erence numeral 22 denotes a control circuit; 23, a de- 
tection signal (to ten-odd kHz) from the electrostatic 
sensor; and 24, a Z-tilt stage control signal. Each of the 
electrostatic sensors 20 and 20' comprises at least two 
sensors lined up in the Y direction so as to detect yawing 
(<ox) in scanning the wafer stage in the X direction. On 
the basis of the detection signal 23 from the electrostatic 
sensors 20 and 20\ the control circuit 22 calculates a 
surface position Z and tilt component (tilt) of the wafer 
5 and controls the Z-tilt stage 8, thereby accurately con- 
trolling the focus position. 



[0057] 

Fig. 1 is a view showing a variable distance meas- 
urement position electrostatic sensor of a surface is 
position detection apparatus according to the first 
embodiment of the present invention; 
Fig. 2 is an explanatory view of the principle of the 
variable distance measurement position electro- 
static sensor shown in Fig. 1 ; 20 
Fig. 3 is a view showing an application example of 
the variable distance measurement position elec- 
trostatic sensor shown in Fig. 1 when viewed from 
the direction of the exposure optical axis; 
Fig. 4 is a view showing the application example of 2s 
the variable distance measurement position elec- 
trostatic sensor shown in Fig. 1 when viewed from 
the scanning direction; 

Fig. 5 is a view showing a specific application ex- 
ample of the variable distance measurement posi- 30 
tion electrostatic sensor shown in Fig. 1 ; 
Fig. 6 is a view showing another application exam- 
ple of the variable distance measurement position 
electrostatic sensor shown in Fig. 1 ; 
Fig. 7 is an explanatory view showing the detection 35 
area variable electrostatic sensor of a surface posi- 
tion detection apparatus according to the second 
embodiment of the present invention; 
Fig. 8 is an explanatory view of the principle of sen- 
sor shown in Fig. 7: 40 
Fig. 9 is a schematic view showing a conventional 
surface position detection apparatus; 
Fig. 1 0 is an explanatory view of the principle of dis- 
tance measurement by the conventional electro- 
static sensor; 45 
Fig. 11 is a schematic view showing a surface po- 
sition detection apparatus using electrostatic sen- 
sors; 

Fig. 12 is a view showing the layout of electrostatic 
sensors in the conventional surface position detec- so 
tion apparatus; 

Fig. 13 is a view for explaining a parameter calcu- 
lation method for surface position control; 
Fig. 14 is an explanatory view of the first problem 
of the conventional surface position detection ap- ss 
paratus that uses electrostatic sensors; 
Fig. 15 is an explanatory view of the second prob- 
lem of the conventional surface position detection 
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[0059] Fig. 1 2 is a view showing a conventional layout 
of electrostatic sensors when viewed from the direction 
of the optical axis. Reference numeral 25 denotes an 
exposure slit; and 27, a scanning direction. In this ex- 
ample, three sensors 201 to 203 are used as an elec- 
trostatic sensor (corresponding to the electrostatic sen- 
sor 20) to detect the height and tilt of a wafer. Since the 
electrostatic sensors cannot directly measure the sur- 
face position at the exposure position, pre-measure- 
ment is performed by the sensors 201 to 203 mounted 
at positions separated from the exposure slit 25 by a 
predetermined distance in the scanning direction. Actu- 
ally, since scanning is performed in the negative direc- 
tion of the X axis : similar sensors must be mounted as 
an electrostatic sensor (corresponding to the electro- 
static sensor 20 ( ) in the negative direction, as described 
above with reference to Fig. 11 , though they are not il- 
lustrated for the descriptive convenience. 
[0060] Fig. 13 is a view showing the arrangement in 
Fig. 12 when viewed from one scanning direction (pos- 
itive side of the Y axis). Reference numeral 26 denotes 
a surface (conductor) of an object (wafer) to be meas- 
ured. The same reference numerals as in Figs. 11 and 
12 denote the same parts in Fig. 13. Referring to Fig. 
13, the sensor 202 is used to detect the height of the 
wafer, and the sensors 201 and 203 are used to detect 
its tilt. Let S1 , S2, and S3 be the outputs from the sen- 
sors 201 to 203, respectively. Then, the height Z [u.m] 
and tilt cox [rad ] are given by 

z = S2 [pirn] 

cox = (S1 - S3)/L[rad.] 

(where L is the distance between the sensors 201 and 
203) 

[0061] Fig. 1 shows a variable distance measurement 
position electrostatic sensor used in the surface position 
detection apparatus of this embodiment, which is pref- 
erably stored in the exposure apparatus shown in Fig. 
1 1 . Reference numerals 301 to 306 denote sensor elec- 
trodes. The section of each sensor electrode need not 
always be circular, as shown in Fig. 1. A change-over 
switch SW is used to arbitrarily select one of the sensor 
electrodes 301 to 306. Unselected electrodes are pref- 
erably grounded or may electrically float. A conductive 
member 40 is called a guard ring and held at the same 
potential as that applied to the selected sensor elec- 
trode. The guard ring 40 prevents the current flowing 
through the sensor electrode from flowing beyond the 
electrode area, thereby allowing accurate measurement 
of the distance between the electrode and the object 
(not shown) to be measured. The same reference nu- 
merals as in Fig. 10 denote the same parts in Fig. 1. 
With this arrangement, the distance between the object 
(not shown) to be measured and an electrode selected 
by the switch SW is measured at the position of the elec- 
trode. 

[0062] As a characteristic feature of the variable dis- 



12 

tance measurement position electrostatic sensor ac- 
cording to the present invention, the distance measure- 
ment position can be changed by arbitrarily selecting 
one of the plurality of sensor electrodes by the change- 

5 over switch SW. The surface position detection appara- 
tus of the present invention has a plurality of sensor 
electrodes that can be switched, and the number of sen- 
sor electrodes is not limited to six as in the above ex- 
ample. In this example, the sensor electrodes 301 to 306 

10 are laid out in a line. However, the present invention is 
not limited to this layout, and any arbitrary layout can be 
employed. As will be described later, when this appara- 
tus is used as the surface position detection apparatus 
of a semiconductor exposure apparatus, accurate focus 

is control can be performed because the electrode posi- 
tions are fixed, unlike an apparatus in which a plurality 
of electrostatic sensors are switched by a circuit. Switch- 
ing is preferably electronic switching instead of mechan- 
ical switching. The switching timing and sensor elec- 

20 trode selection method will be described later in detail 
together with application examples. 
[0063] Fig. 2 is a view showing the principle of the var- 
iable distance measurement position electrostatic sen- 
sor shown in Fig. 1 . The change-over switch SW arbi- 

2S trarily selects one of the plurality of sensor electrodes 
301 to 306 arranged near an object 31 to be measured 
and connects the electrode to an electrical circuit. Ref- 
erence symbols dl to d6 denote distances between the 
sensor electrodes 301 to 306 and the conductive sub- 

30 strate 31 at the electrode positions, respectively. The 
distances may be different from each other depending 
on the surface shape of the conductive substrate 31. 
The same reference numerals as in Fig. 10 or 1 denote 
the same parts in Fig. 2. 

35 [0064] As shown in Fig. 2, a high-frequency voltage 
is applied from an oscillator OS to, e.g., the electrode 
305 selected by the change-over switch SW from the 
electrodes 301 to 306. An ammeter AM is connected 
between the change-over switch SW and oscillator OS. 

40 The magnitude of the AC current flowing to the selected 
electrode 305 is measured by the ammeter AM and a 
measurement device 32 connected to the ammeter AM. 
The current measurement result is input to an arithmetic 
circuit 33. The distance d5 between the selected elec- 
ts trode 305 and the object 31 to be measured is measured 
by arithmetic processing by the arithmetic circuit 33. 
[0065] Fig. 3 is a view for explaining an example in 
which the variable distance measurement position elec- 
trostatic sensor shown in Figs. 1 and 2 is applied as the 

so sensors 20 and 20' for calculating the tilt angle of a wafer 
in the exposure apparatus shown in Fig. 11. Variable dis- 
tance measurement position electrostatic sensors 401 
and 402 are used to calculate the tilt angle. Reference 
numerals 301 to 308 denote sensor electrodes. The 

55 sensor electrodes 301 to 304 construct the variable dis- 
tance measurement position electrostatic sensor 401 , 
and the sensor electrodes 305 to 308 construct the var- 
iable distance measurement position electrostatic sen- 
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sor 402. An exposure width 28 depends on the chip size 
formed on a wafer. Only a wafer portion positioned with- 
in this width is exposed. Reference symbol L' denotes 
the distance between sensor electrodes used to calcu- 
late the tilt angle. The same reference numerals as in 
Fig. 12 denote the same parts in Fig. 3. A measurement 
circuit comprising the switch SW, ammeter AM, oscilla- 
tor OS, and measurement device 32 is connected to 
each of the sensors 401 and 402, as in Figs. 1 and 2. 
The outputs from the two measurement devices 32 are 
supplied to the arithmetic circuit 33. The switch SW, am- 
meter AM, oscillator OS, and measurement device 32 
may be shared by the sensors 401 and 402. 
[0066] With this arrangement, the sensor electrode 
for detecting the tilt angle can be switched to an arbitrary 
sensor electrode by the switch SW to arbitrarily change 
the measurement position for tilt angle detection. As in 
Figs. 12 and 13, the sensor 202 is used to detect the 
height to the surface of the object to be measured. 
[0067] Fig. 1 9 is an explanatory view of a sensor elec- 
trode selection method. The variable distance measure- 
ment position electrostatic sensors 401 and 402 are 
used to calculate the tilt angle of a wafer. The sensor 
electrode 301 constructs the variable distance meas- 
urement position electrostatic sensor 401 , and the sen- 
sor electrodes 305 and 307 construct the variable dis- 
tance measurement position electrostatic sensor 402. 
Reference numeral 26 denotes the surface of a wafer 
(object to be measured). For the illustrative conven- 
ience, the sensor for detecting the height and the re- 
maining sensor electrodes are omitted. The same ref- 
erence numerals as in Fig. 3 and the like denote the 
same parts in Fig. 19. 

[0068] As shown in Fig. 1 9, as the sensor electrode 
of one sensor 401 for detecting the tilt angle, the sensor 
electrode 301 is used. As the sensor electrodes of the 
other sensor 402, the sensor electrodes 305 and 307 
are used. In this case, tilt angles are obtained as per cox" 
= (S1 - S3")/L" and cox' = (S1 - S3')/L\ When these tilt 
angles are compared with the actual tilt angle cox, ox = 
cox', cox <> cox". More specifically, when an electrode 
separated from another sensor electrode by a larger dis- 
tance (in this case, the sensor electrode 307 because 
L' > L M ) is used, the influence of the minute structure on 
the surface can be made smaller in calculating the tilt 
angle, so the tilt angle can be accurately measured. That 
is, an outermost electrode within the exposure width is 
used as the sensor electrode for detecting the till angle. 
[0069] In the example shown in Fig. 3, from the elec- 
trodes 303 to 306 positioned within the exposure width 
26, not the electrodes 304 and 305 but the electrodes 
303 and 306 that maximize the distance L' between the 
sensor electrodes are selected. As a consequence, 
yawing of the object to be measured can be accurately 
measured, and accurate focus control can be per- 
formed. Selection of sensor electrodes and actual 
processing of selecting the sensor electrodes by using 
the switch are automatically done according to a pro- 
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gram stored in the surface position detection apparatus. 
Since the user need not be aware of the algorithm or 
perform operation, cumbersome operation is unneces- 
sary, and no errors occur. 

5 [0070] Fig. 1 4 is a view for explaining a problem posed 
when not the application example described with refer- 
ence to Fig. 3 but the conventional electrostatic sensor 
shown in Fig. 10 is used for the surface position detec- 
tion apparatus. The same reference numerals as in 

io Figs. 3 and 12 denote the same parts in Fig. 14. Refer- 
ring to Fig. 14, the sensors 201 and 203 for detecting 
the lilt angle are positioned outside the exposure area. 
A wafer having a step difference on its surface because 
of the repeated process of forming layers has a large 

15 step difference between the interior and exterior of the 
exposure area. For this reason, yawing of the wafer cal- 
culated on the basis of the distance between the sensor 
electrode and the wafer surface, which is detected out- 
side the exposure area, and yawing of the surface within 
20 the exposure area, which need be actually measured, 
do not match. 

Accordingly, accurate focus control cannot be per- 
formed. However, as described with reference to Fig. 3, 
when the electrostatic sensor according to the present 
25 invention is used as a tilt angle detection sensor, the 
problem described with reference to Fig. 14 can be 
solved. 

[0071] Fig. 4 is a view for explaining an application 
example shown in Fig. 3 that uses the variable distance 

30 measurement position electrostatic sensor of the 
present invention when viewed from the scanning direc- 
tion. The same reference numerals as in Fig. 3 denote 
the same parts in Fig. 4. As in Fig. 3, when the elec- 
trodes 303 and 306 falling within the exposure width 28 

35 are used to calculate the tilt angle, the actual tilt angle 
cox' [rad.] = (SV - S3yL' [rad.] can be calculated from 
the distances SV and S3' measured using these elec- 
trodes. Hence, accurate focus position control can be 
performed. The height Z = S2 to the object to be meas- 

40 ured is detected using the electrode 202, as in the prior 
art. 

[0072] Fig. 15 is a view for explaining another problem 
posed when not the application example described with 
reference to Fig. 4 but the conventional electrostatic 

45 sensor shown in Fig. 10 is used for the surface position 
detection apparatus when viewed from the scanning di- 
rection. The same reference numerals as in Fig. 12 or 
14 denote the same parts in Fig. 1 5. When the exposure 
width 28 is smaller than the distance L between sensors, 

50 measurement is performed outside the exposure area. 
For this reason, the tilt angle cox [rad.] = (S1 - S3)/L (rad.] 
calculated from the values S1 and S3 detected by the 
sensors 201 and 203 may largely differ from the actual 
tilt angle cox' [rad.]. At this time, accurate focus position 

55 control cannot be performed. However, as described 
above with reference to Fig. 4, when the electrostatic 
sensor according to the present invention is used to de- 
tect the tilt angle, the problem described with reference 
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to Fig. 15 can be solved. 

[0073] Fig 5 is a view for explaining in detail an ex- 
ample ol measurement using the variable distance 
measurement position electrostatic sensor of the first 
embodiment shown in Fig 1 as a sensor for detecting 
the tilt angle The same reference numerals as in Fig. 3 
denote the same parts in Fig 5. When the tilt angle de- 
tection position is switched to the sensor electrodes 304 
and 305 positioned within the exposure width 28 using 
the switch (SW in Figs 1 and 2), the tilt angle of the 
wafer as an object to be measured can be accurately 
measured. Hence accurate focus control can be per- 
formed. The height to the object to be measured is de- 
tected using the electrode 202 

[0074] Fig. 16 is n view lor explaining still another 
problem posed when rot tnc application example de- 
scribed with reiercncc tc *-»q J but the conventional 
electrostatic sensor snc wn m - tg i o is used for the sur- 
face position detection -ipp^rHius The same reference 
numerals as in Fig 3 arxJ imc i'Ko Uenole ihe same parts 
in Fig. 16. As shown m Filj 16 when the exposure slit 
25 is located near the outer peripheral portion of the wa- 
fer 5. a sensor used ir the surface position detection 
apparatus falls outside the range of the wafer, and the 
distance cannot be accurately measured. For this rea- 
son, even when the chip s\zq can be ensured in the ex- 
posure area, the chip pattern cannot be printed by ex- 
posure, i.e., chips cannot be formed. However, as de- 
scribed with reference to Fig 5. use of the electrostatic 
sensor according to the present invention as a tilt angle 
detection sensor eliminates the conventional problem 
described with reference to Fig. 16 wherein when the 
exposure slit is positioned near the outer peripheral por- 
tion of the wafer, and some sensors fall outside the wafer 
range, the distance to the wafer cannot be measured, 
and exposure cannot be performed. 
[0075] A method of selecting a sensor electrode to be 
used, i.e., determining the distance measurement posi- 
tion when the variable distance measurement position 
electrostatic sensor is applied as a sensor for calculating 
the tilt angle will be described next. As described with 
reference to Fig. 5, in the exposure process, the sensor 
electrode to be selected may change depending on the 
position of the exposure slit 25. When the exposure slit 
25 is positioned near the outer peripheral portion of the 
wafer 5, a sensor electrode within the area of the wafer 
must be selected. On the other hand, when the expo- 
sure slit 25 is not near the outer peripheral portion, an 
electrode position determined in advance on the basis 
of the exposure width calculated immediately after chip 
layout data is input before the start of exposure process 
is selected. That is, a sensor electrode that falls within 
the exposure width 28 and is located on the outermost 
side of the area of the wafer is selected. 
[0076] Fig. 6 is a view for explaining an example in 
which the variable distance measurement position elec- 
trostatic sensor of this embodiment is applied as a sen- 
sor for detecting the height in the surface position de- 



tection apparatus. A variable distance measurement po- 
sition electrostatic sensor 403 is used to detect the 
height to the surface of the object to be measured. Ref- 
erence numerals 31 1 and 31 2 denote sensor electrodes 

5 of the variable distance measurement position electro- 
static sensor 403. Reference numeral 29 denotes a 
scribing line (connection portion) between adjacent 
chips, which is positioned under the sensor electrode 
311. The same reference numerals as in Fig. 3 or 12 

io denote the same parts in Fig. 6. 

[0077] In the arrangement shown in Fig. 6, when the 
sensor electrode to be used in the height detection sen- 
sor 403 is switched to an arbitrary one of the sensor 
electrodes 311 and 312 using a switch (not shown), the 

is sensor electrode (i.e., position of the sensor electrode 
to be used for detection) for detecting the height to the 
surface of the object to be measured can be arbitrarily 
changed. As in Fig. 12 or 13, the sensors 201 and 203 
are used to detect the tilt angle. When the scribing line 

20 29 is positioned beneath the sensor electrode 311, as 
shown in Fig. 6, the sensor electrode is switched to the 
sensor electrode 312 positioned within the exposure 
width 28 using the switch (not shown) to detect the 
height. With this arrangement, the distance to the sur- 

2S face of the object to be measured can be accurately 
measured, and accurate focus control can be per- 
formed. 

[0078] Selection of the sensor electrode and actual 
processing of selecting the sensor electrode by using 

30 the switch are automatically done according to a pro- 
gram stored in the surface position detection apparatus. 
Since the user need not be aware of the algorithm or 
perform operation, cumbersome operation is unneces- 
sary, and no errors occur. Switching is performed on the 

35 basis of the chip layout data before the start of exposure 
process. The reason for this is as follows. Since the chip 
layout (pattern) is common to one wafer and does not 
change during exposure of the wafer, the sensor elec- 
trode used to detect the height does not change during 

40 the exposure process. The sensor electrode to be used 
to detect the height is determined on the basis of the 
exposure width determined from the data. 
[0079] Fig. 17 is a view for explaining still another 
problem posed when not the application example de- 

45 scribed with reference to Fig. 6 but the conventional 
electrostatic sensor shown in Fig. 10 is used for the sur- 
face position detection apparatus when viewed from the 
direction of the optical axis. Fig. 1 8 is a view for explain- 
ing this problem when viewed from the scanning direc- 

50 tion. The same reference numerals as in Fig. 6 or 14 
denote the same parts in Figs. 17 and 18. Referring to 
Figs. 1 7 and 1 8, the scribing line 29 is present within the 
exposure slit 25. As shown in Fig. 1 8, even for a plurality 
of different chip patterns including this chip pattern, the 

55 scribing line 29 is positioned underneath the electrostat- 
ic sensor 202 for detecting the height Z. For this reason, 
the distance, i.e., the height to the surface of the object 
' to be measured, which is to be actually detected, cannot 
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be measured. Hence, accurate focus control cannot be 
performed. However, as described above with reference 
to Fig. 6, when the electrostatic sensor according to the 
present invention is used as the height detection sensor, 
the problem described with reference to Figs. 1 7 and 1 8 
can be solved. 

(Second Embodiment) 

[0080] Fig. 7 is a view that best illustrates the charac- 
teristic feature of the detection area variable electrostat- 
ic sensor of a surface position detection apparatus ac- 
cording to the second embodiment of the present inven- 
tion. As shown in Fig. 7, in this sensor, a terminal 51 is 
connected to one of terminals 52 and 53 by a switch SW. 
Reference numeral 30 denotes a sensor electrode; and 
30', an electrode functioning as a sensor electrode only 
when the terminal 51 is connected to the terminal 52 by 
the switch SW. When the terminal 51 is connected to 
the terminal 53, only the electrode 30 functions as a sen- 
sor electrode, and the electrode 30' functions as a guard 
ring. The electrodes 30 and 30' have sections concentric 
with each other. 

[0081] As shown in Fig. 7, a high-frequency voltage 
is applied from an oscillator OS to only the electrode 30 
or both the electrodes 30 and 30' by the change-over 
switch SW. An ammeter AM is connected between the 
change-over switch SW and oscillator OS. The magni- 
tude of the AC current flowing to only the electrode 30 
or both the electrodes 30 and 30' is measured by the 
ammeter AM and a measurement device 32 connected 
to the ammeter AM. The current measurement result is 
input to an arithmetic circuit 33. The distance d5 be- 
tween the electrode 30 and a wafer as an object to be 
measured is measured by arithmetic processing by the 
arithmetic circuit 33. 

[0082] In the first embodiment, the detection position 
can be changed. In the second embodiment, the detec- 
tion area (area of the sensor electrode) can be changed. 
As described above, as one of the characteristic fea- 
tures of the electrostatic sensor, the detection area can 
be almost uniformly averaged. In the arrangement 
shown in Fig. 7, since the detection area can be 
changed, the area to be averaged can be changed. 
[0083] Fig. 8 is an explanatory view of the principle of 
the electrostatic sensor shown in Fig. 7, which allows to 
change the area of the sensor electrode, i.e., the detec- 
tion area to be averaged. The same reference numerals 
as in Fig. 7 denote the same parts in Fig. 8. As shown 
in Fig. 8, when the terminal 51 is connected to the ter- 
minal 52 by using the switch SW to make the electrode 
30' function as a sensor electrode, the area (SO + S') as 
the sum of an area SO of the sensor electrode 30 and 
an area S' of the electrode 30' can be set as the detec- 
tion area. Alternatively, by connecting the terminal 51 to 
the terminal 53 not to make the electrode 30' function 
as a sensor electrode, only the area (SO) of the sensor 
electrode 30 can be set as the detection area of the elec- 



trostatic sensor. 

[0084] According to the second embodiment, since 
the detectbn area can be changed, the averaging area 
can be changed, and focus control can be easily per- 
5 formed in accordance with the layout of chips to be 
formed by exposure. 

[0085] Fig. 20 is a view for explaining that a conven- 
tional problem that defocus occurs depending on the 
chip layout can be solved by this embodiment, when 

to viewed from the scanning direction. Reference numeral 
41 denotes a surface of a memory cell; and 42, a surface 
of a peripheral circuit. The same reference numerals as 
in Fig. 7 or 12 denote the same parts in Fig. 20. 
[0086] Defocus may occur when the height positbn is 

ts adjusted along the surface of an object (resist) to be 
measured. This will be described with reference to Fig. 
20. A device is roughly divided into the portion of the 
memory cell 41 and the portion of the peripheral circuit 
42. Exposure areas where critical resolving perform- 

20 ance is required generally concentrate at the portion of 
the memory cell 41 . When only the sensor electrode 30 
is used to detect a height position Z, a height S2 to the 
surface of the peripheral circuit 42 is detected. In this 
case, defocus occurs on the surface of the memory cell 

25 41 when the height position shown in Fig. 11 is control- 
led on the basis of the detected height position 2 = S2. 
[0087] To prevent this, not only the electrode 39 but 
also the electrode 30' is used as a sensor electrode us- 
ing a switch (not shown in Fig. 20), as shown in Figs. 7 

30 and B. At thistime, a relation S2' < T < S2 holds between 
a detected height position Z\ the height S2, and a height 
position S2' to the surface of the memory cell 41 . The 
specific value of Z is determined by the area of the 
memory cell 41 opposing the electrode 30' and that of 

35 the peripheral circuit 42. When the area of the electrode 
30' is made sufficiently large to widen the detection area, 
the height position Z\ i.e., the focus position can be 
made close to the height position S2'. Hence, the sur- 
face of the memory ceil 41 can be set within the focusing 

40 range, and the memory cell 41 and peripheral circuit 42 
can be properly exposed. 

<Embodiment of Device Manufacturing Method> 

45 [0088] Am embodiment of a device manufacturing 
method using the above-described exposure apparatus 
will be described next. Fig. 21 shows the flow of manu- 
facturing a microdevice (e.g., a semiconductor chip 
such as an IC or an LSI, a liquid crystal panel, a CCD, 

so a thin-film magnetic head, or a micromachine). In step 
1 (circuit design), the pattern of a device is designed. In 
step 2 (mask preparation), a mask having the designed 
pattern is prepared. In step 3 (wafer manufacture), a wa- 
fer is manufactured using a material such as silicon or 

55 glass. In step 4 (wafer process) called a preprocess, an 
actual circuit is formed on the wafer by lithography using 
the prepared mask and wafer. In step 5 (assembly) 
called a post-process, a semiconductor chip is formed 
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from the wafer prepared in step 4. This step includes 
processes such as assembly (dicing and bonding) and 
packaging (chip encapsulation). In step 6 (inspection), 
inspections including operation check test and durability 
test of the semiconductor device manufactured in step 
5 are performed. A semiconductor device is completed 
with these processes and delivered (step 7). 
[0089] Fig. 22 shows the detailed flow of the wafer 
process (step 4). In step 11 (oxidation), the surface of 
the wafer is oxidized. In step 12 (CVD), an insulating 
film is formed on the waler surface. In step 1 3 (electrode 
formation), an electrode is formed on the wafer by dep- 
osition. In step 14 (ion implantation), ions are implanted 
into the wafer. In step 15 (resist process), a resist is ap- 
plied to the wafer. In step 16 (exposure), the circuit pat- 
tern of the mask is printed on the wafer by exposure us- 
ing the above-described exposure apparatus or expo- 
sure method. In step 17 (development), the exposed 
wafer is developed. In step 18 (etching), portions other 
than the developed resist image are etched. In step 1 9 
(resist peeling), the unnecessary resist remaining after 
etching is removed. By repeating these steps, a multi- 
layered structure of circuit patterns is formed on the wa- 
fer. 

[0090] When the production method of this embodi- 
ment is used, a large device which is conventionally dif- 
ficult to manufacture can be manufactured at low cost. 
[0091] As has been described above, according to the 
present invention, even when the state of the surface to 
be detected changes, the position of the surface to be 
detected can be accurately detected in correspondence 
with the change. According to the exposure apparatus 
to which the present invention is applied, accurate focus 
control can be performed. Hence, accurate device man- 
ufacture is allowed. 

[0092] In addition, even when the size of the surface 
to be detected changes, the position of the surface to 
be detected can be detected by selecting a sensor elec- 
trode in correspondence with the change. This allows 
efficient exposure and efficient device manufacture. 
[0093] The present invention is not limited to the 
above embodiments and various changes and modifi- 
cations can be made within the spirit and scope of the 
present invention. Therefore, to apprise the public of the 
scope of the present invention, the following claims are 
made. 



Claims 

1 . A position detection apparatus for detecting a posi- 
tion of an object surface in a direction normal there- 
to, comprising: 

at least two detection sections (301 - 304); 
a selection section (SW) for selecting at least 
one detection section from said at least two de- 
tection sections (301 - 304); and 



a measurement device (32) for measuring the 
position of the object surface in the direction 
normal thereto using said detection section se- 
lected by said selection section (SW). 

5 

2. The apparatus according to claim 1 , wherein each 
of said at least two detection sections (301 - 304) 
has an electrode, and 

said measurement device (32, AM, OS) ap- 
io plies an electrical signal containing an AC compo- 
nent to said electrode of the selected detection sec- 
tion to measure a distance between said electrode 
and the object surface. 

is 3. The apparatus according to claim 2, wherein said 
electrodes of said at least two detection sections 
(301 - 304) oppose different portions ol the object 
surface. 

20 4. The apparatus according to claim 1 , wherein said 
apparatus comprises at least two sets of said at 
least two detection sections (301 - 304; 305 - 308), 
said selection sections (SW), and said measure- 
ment devices (32), and further comprises an arith- 

25 metic section (33) for calculating a tilt of the object 
surface on the basis of a measurement result by 
said at least two measurement devices (32). 

5. An exposure apparatus having a projecting lens (4) 
30 for projecting a pattern onto a substrate (5), a stage 

(6 - 8) that moves while supporting the substrate 
(5) : a position detection section (20) for detecting a 
position of a substrate surface in a direction of an 
optical axis, and a control section (22) for controlling 
35 the stage (6-8) on the basis of an output from said 
position detection section (20), 

said position detection section (20) compris- 
ing 

40 at least two detection sections (301 - 304): 

a selection section (SW) for selecting at least 
one detection section from said at least two de- 
tection sections (301 - 304); and 
a measurement device (32) for measuring a po- 

45 sition of the substrate (5) in a direction normal 

thereto using said detection section selected by 
said selection section (SW). 

6. The apparatus according to claim 5, wherein each 
50 of said at least two detection sections has an elec- 
trode, and said measurement device applies an 
electrical signal containing an AC component to 
said electrode of the selected detection section to 
measure a distance between said electrode and the 

55 substrate surface. 

7. The apparatus according to claim 2 or claim 6, 
wherein said electrodes of said at least two detec- 
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tion sections are concentric with each other. 

8. The apparatus according to claim 2 or claim 5, 
wherein said selection section selects at least one 
detection section such that the number of detection s 
sections to be selected changes. 

9. The apparaus according to claim 2 or claim 5, 
wherein said selection section selects at least one 
detection section in accordance with a shape of the to 
substrate surface 

» 

10. The apparatus according to claim 5, wherein said 
selection section selects at least one detection sec- 
tion in accordance witr- a position of the stage or the *5 
substrate. 

11. The apparatus accofcinc to claim 5. wherein said 
selection section selects sad detection section to 

be used for measu'Ofron: sc as not to measure the 20 
position of the substintL- in the duection normal 
thereto on a scribing line of the substrate. 

12. The apparatus accoromg to claim 5. wherein said 
selection section determines the number of detec- 2S 
tion sections for measurement in accordance with 

the pattern formed on the substrate. 

13. The apparatus according to claim 5 or claim 6, 
wherein said selection section determines the 30 
number of detection sections to be used for meas- 
urement to reflect, on the measurement result, a po- 
sition of an exposure area on the substrate in the 
direction normal thereto where high resolving per- 
formance is required. 35 

14. An exposure apparatus having a projecting lens (4) 
for projecting a pattern onto a substrate (5), a stage 
(6 - 8) which moves while supporting the substrate 

(5), first and second position detection sections (20) 40 
for detecting a position of a substrate surface in a 
direction of an optical axis, and a control section 
(22) for controlling a tilt of the stage (6 - 8) on the 
basis of outputs from said tirst and second position 
detection sections (20), 

each of said first and second position detec- 
tion sections (20) comprising 

at least two detection sections (301 - 304; 305 
- 308); 50 
a selection section (SW) for selecting at least 
one detection section from said at least two de- 
tection sections (301 - 304; 305 - 308); and 
a measurement device (32) for measuring a po- 
sition of the substrate in a direction normal 55 
thereto using said detection section selected by 
said selection section (SW). 



1 5. The apparatus according to claim 1 4, wherein each 
of said at least two detection sections has an elec- 
trode, and said measurement device applies an 
electrical signal containing an AC component to 
said electrode of the selected detection section to 
measure a distance between said electrode and the 
substrate surface. 

16. The apparatus according to claim 6 or claim 15, 
wherein said electrodes of said at least two detec- 
tion sections oppose different portions of the sub- 
strate surface. 

17. The apparatus according to claim 2, claim 6or claim 
1 5, wherein said electrodes of said at least two de- 
tection sections are in one plane. 

1 8. The apparatus according to claim 2, claim 5 or claim 
14, wherein said selection section alternatively se- 
lects one detection section from said at least two 
detection sections. 

19. The apparatus according to claim 1 4, wherein each 
of said selection section of said first position detec- 
tion section and said selection section of said sec- 
ond position detection sections selects a detection 
section such that both said detection section ol said 
first position detection section and said detection 
section of said second position detection section, 
which are to be used for measurement, are posi- 
tioned on an inner area of a width of the pattern pro- 
jected by the projecting lens and a distance be- 
tween said detection sections is maximized. 

20. The apparatus according to claim 19, wherein the 
substrate is exposed while projecting slit-shaped 
light onto the substrate through the projecting lens 
and moving the stage. 

21 . The apparatus according to claim 1 4, wherein each 
of said selection section of said first position detec- 
tion section and said selection section of said sec- 
ond position detection section selects a detection 
section such that both said detection section of said 
first position detection section and said detection 
section of said second position detection section, 
which are to be used for measurement, are posi- 
tioned inside a width of the pattern projected by the 
projecting lens on the substrate and a distance be- 
tween said detection sections is maximized. 

22. The apparatus according to claim 21, wherein the 
substrate is exposed while projecting slit-shaped 
light onto the substrate through the projecting lens 
and moving the stage. 

23. A position detection method of detecting a position 
of an object surface in a direction normal thereto, 
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comprising: 

the selection step of selecting at least one de- 
tection section from at least two detection sec- 
tions; and 

the measurement step of measuring the posi- 
tion ol the object surface in the direction normal 
thereto using the selected detection section. 

24. A method of controlling an exposure apparatus hav- 
ing a projecting lens for projecting a pattern onto a 
substrate, a stage which is movable while support- 
ing the substrate, a position detection section for 
detecting a position of a substrate surface in a di- 
rection of an optical axis : and a control section for 
controlling the stage on the basis of an output from 
said position detection section, comprising: 

the selection step of selecting at least one de- 
lection section from at least two detection sec- 
tions; and 

the measurement step of measuring a position 
of the substrate in a direction normal thereto us- 
ing the selected detection section. 

25. A method of controlling an exposure apparatus hav- 
ing a projecting lens for projecting a pattern onto a 
substrate, a stage which is movable while support- 
ing the substrate, first and second position detec- 
tion sections for detecting a position of a substrate 
surface in a direction of an optical axis, and a control 
section for controlling a tilt of the stage, each of said 
first and second position detection sections com- 
prising at least two detection sections, the method 
comprising: 

the selection step of selecting at least one de- 
tection section from said at least two detection 
sections of said first position detection section 
and at least one detection section from said at 
least two detection sections of said second po- 
sition detection section; and 
the measurement step of measuring the tilt of 
the substrate using the selected detection sec- 
tion of said first position detection section and 
the selected detection section of said second 
position detection section. 

26. A device manufacturing method comprising the 
steps of: 

placing a substrate applied with a resist film on 
a stage of an exposure apparatus; 
selecting at least one detection section of at 
least two detection sections for measuring a po- 
sition of the substrate in a direction of an optical 
axis and measuring the position of the sub- 
strate on the stage in the direction of the optical 
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axis using the selected detection section; 
controlling the stage in accordance with a 
measurement result in the measurement step; 
forming a pattern on the substrate on the stage 
by exposure; and 

developing the substrate, and manufacturing a 
device from the developed substrate. 

27. A device manufacturing method comprising the 
steps of: 

placing a substrate applied with a resist film on 
a stage of an exposure apparatus; 
selecting at least one detection section from 
each of two position detection sections each 
having at least two detection sections for meas- 
uring a position of the substrate in a direction 
of an optical axis and measuring a tilt of the sub- 
strate on the stage using the selected detection 
sections; 

controlling the tilt of the stage in accordance 
with a measurement result in the measurement 
step; 

forming a pattern on the substrate on the stage 
by exposure; and 

developing the substrate, and manufacturing a 
device from the developed substrate. 
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(57) A surface position detection apparatus of this 
invention includes a position detection section having a 
plurality of electrodes opposing the object surface to be 
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an AC current to the selected electrode, and measuring 
the current flowing to the electrode, thereby measuring 
the distance between the electrode and object surface. 



FIG. 


1 


33 




32 


, * , 






ARITHMETIC 
CIRCUIT 




MEASUREMENT 
DEVICE 






306 



301 



III 



Printed by Jouve. 75001 PARIS (FR) 

RnmiD: <EP 0984329A3 I > 



EP 0 984 329 A3 




European Patent 
Ottlce 



EUROPEAN SEARCH REPORT 



Application Number 

EP 99 30 6980 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Cat ego t 



Cttatian of document wtth Indication, where appropriate, 
of relevant passages 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION 0nt.CI.7) 



EP 0 004 757 A (GOULD INC) 
17 October 1979 (1979-10-17) 

* page 1 , 1 ine 1 - 1 ine 4 * 

* page 4, line 8 - page 5, line 27 

* page 8, line 18 - page 9, line 8 

* page 12, line 30 - page 13, line 

* figures 1,2 * 



PATENT ABSTRACTS OF JAPAN 
vol . 1998. no. 10, 
31 August 1998 (1998-08-31) 
-& JP 10 141374 A (CANON INC), 
26 May 1993 (1998-05-26) 

* abstract; figures * 

GB 2 312 514 A (SENSATECH LTD) 
29 October 1997 (1997-10-29) 

* abstract; figures * 

EP 0 572 368 A (NASA) 

1 December 1993 (1993-12-01) 

* abstract; figures * 

EP 0 790 479 A (SGS THOMSON 

MICROELECTRONICS) 

20 August 1997 (1997-08-20) 

* abstract; figures * 

* page 2, line 3 - line 6 * 

PATENT ABSTRACTS OF JAPAN 
vol . 010, no. 233 (E-427), 
13 August 1986 (1986-08-13) 
-& JP 61 065433 A (CANON INC), 
4 April 1986 (1986-04-04) 

* abstract; figures * 



-/- 



The present search report has been drawn up for all claims 



1-4,23 



G03F7/20 
G03F9/00 



5-22, 
24-27 

5-22, 
24-27 



1-4,23 



1-4,23 



TECHNICAL FIELDS 
SEARCHED (lnLCI.7) 



1-4,23 



5,14, 
24-27 



G01B 
G03F 
H01L 



Place of seaich 

THE HAGUE 



Date of completion o* me search 

12 March 2002 



Examiner 

Heryet, C 



2 
2 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant II ta<en alone 

Y : particularly relevant i1 combine d wilh another 

document ot the same category 
A : technological background 
O : nor. -written disclosure 
P : intermediate document 



T : theory or principle underlying the invention 
E : earlle.' patent document, but published on, or 

after tne filing date 
D : document cited In the application 
I. : document dted tor other reasons 



& : member of the same patent family, corresponding 
document 



innr.in- <fp opaa^tpas I > 



2 



> 



EP 0 984 329 A3 



European Patent 
Office 



EUROPEAN SEARCH REPORT 



Application Number 

EP 99 30 6980 



DOCUMENTS CONSIDERED TO BE RELEVANT 



Category 



P,A 



Citation of document with indication, where appropriate, 
of relevant passages 



PATENT ABSTRACTS OF JAPAN 

vol . 1999, no. 09, 

30 July 1999 (1999-07-30) 

-& JP 11 121320 A (CANON INC), 

30 April 1999 (1999-04-30) 

* abstract; figures * 



ET 



US 5 988 971 A (JOHNSON KIRK RODNEY 
AL) 23 November 1999 (1999-11-23) 

* column 7, line 31 - column 9, line 3 * 

* figures 5-8 * 



The present search report has been drawn up for ail claims 



Relevant 
to claim 



CLASSIFICATION OF THE 
APPLICATION (lnl.CI.7) 



5,14, 
24-27 



1-4,23 



TECHNICAL FIELDS 
SEARCHED (lnt.CL7) 



3 

P 
o 



Place of sea reft 

THE HAGUE 



Date of oomototlon ot the search 

12 March 2002 



examiner 

Heryet, C 



CATEGORY OF CITED DOCUMENTS 

X : particularly relevant It Taken alone 

Y : particularly relevant If combined with another 

document of tne same category 
A • technological background 
O : non -written disclosure 
P : Intermediate document 



T : theory or principle underlying the invention 
E : earlier patent document, bul publisheo on. or 

efter the filing dale 
D : document cited in tne application 
L : document cited for other t easuns 

& : member ot tne same paleni family, corresponding 
document 



S DOC ID <EP 0984329A3 ' > 



3 



EP 0 984 329 A3 



ANNEX TO THE EUROPEAN SEARCH REPORT 

ON EUROPEAN PATENT APPLICATION NO. £P 99 30 6980 



This annex lists the patent family members relating to the patent documents cited In the above-mentioned European search report. 
The members are as contained In the European Patent Office EDP file on 

The European Patent Office is in no way liable for these particulars which are merely given tor the purpose of Information. 

12-03-2002 





Patent document 




Publication 






Patent family 


Publication 




cited in search report 




date 






member(s) 


date 


EP 


0004757 


A 


17-10-1979 


US 


4190797 


A 


o£ no i Aon 
26-02-1980 






CA 


1138113 


Al 


21-12-1982 










DE 


2952825 


Al 


04-09-1980 










EP 


0004757 


Al 


t t in i and 

17-10-1979 










FR 


2454084 


Al 


07-11-1980 










GB 


2041540 


A ,B 


10-09-1980 










IT 


1148230 


B 


26-11-1986 










JP 


54133368 


A 


17-10-1979 

— 


OP 


10141374 


A 


26-05-1998 


NONE 








GB 


2312514 


A 


29-10-1997 


GB 


2340248 


A ,B 


16-02-2000 


EP 


0572368 


A 

A 




US 


5214388 


A 








AU 


646200 


B2 


10-02-1994 










AU 


3853793 


A 


09-12-1993 










CA 


2096174 


Al 


29-11-1993 










EP 


0572368 


A2 


01-12-1993 


EP 


0790479 


A 


20-08-1997 


EP 


0790479 


Al . 


20-08-1997 






DE 


69618559 


Dl 


21-02-2002 










JP 


10002704 


A 


06-01-1998 










US 


6320394 


Bl 


20-11-2001 










US 


6114862 


A 


05-09-2000 


OP 


61065433 


A 


04-04-1986 


NONE 








OP 


11121320 


A 


30-04-1999 


NONE 








US 


5988971 


A 


23-11-1999 


NONE 

























Efa For more details about this annex : see Official Journal ol the European Patent Office, No. 12/82 



